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SUMMARY 

In order to give the large-scale characteristics of a vari- 
ety oj airfoils in a form which will be of maximum value, 
both for airplane design and for the study of airfoil 
characteristics, a collection has been made of the results 
of airfoil tests made at full-scale values of the Reynolds 
Num ber in the variable density wind tunnel of the National 
Advisory Committee for Aeronautics. They have been 
corrected for tunnel wall interference and are presented 
not only in the conventional form but also in a form which 
facilitates the comparison of airfoils and from which 
corrections may be easily made to any aspect ratio. 

An example showing the method of correcting the results 
to a desired aspect ratio has been given for the convenience 
of. designers. In addition, the data have been analyzed 
with a view to finding the variation of the aerodynamic 
characteristics of airfoils with their thickness and camber. 

INTRODUCTION 

The results of large-scale airfoil tests from the vari- 
able density wind t unn el are to be preferred for most 
practical purposes to those obtained at a comparatively 
low scale from atmospheric wind tunnels. The results 
of the large-scale tests not only approach more closely 
those obtained under full-scale conditions, as shown by 
comparison with flight tests (Reference 13), but are 
also more consistent among themselves. It is well 
known, for example, that an airfoil may show different 
aerodynamic characteristics as a result of low-scale 
tests in different wind tunnels. As the scale is increased, 
however, such discrepancies, resulting from differences 
in the turbulence of the air streams, become smaller, 
certain aerodynamic peculiarities disappear, and the 
relation of the aerodynamic characteristics to the pro- 
file shape becomes more consistent. 

The large-scale aerodynamic characteristics of a 
considerable variety of airfoils have been available 
from tests made in the variable density wind tunnel 
during the period between the completion of the tunnel 
(April, 1923) and the destruction of its interior by 
fire (August, 1927). These large-scale characteristics, 
published in 10 different reports, were not given in a 
uniform manner and were uncorrected for tunnel-wall 
interference because the correction formulas had not 



yet been verified. Experimental verification of the 
theoretical wind-tunnel wall interference correction 
and a satisfactory method of correcting results from 
tests of rectangular airfoils to infinite aspect ratio 
have since led to the adoption of a standard form for 
the presentation of airfoil characteristics at the Langley 
Memorial Aeronautical Laboratory. 

The object of this report is to collect all of the pub- 
lished large-scale results from tests on standard airfoil 
models in the variable density wind t unn el and to 
present them in a uniform manner so that the results 
of different tests may be easily compared. The new 
standard form has been used; that is, the airfoil 
characteristics are represented by two sets of curves. 
First, the characteristics corrected for tunnel wall 
effect to aspect ratio 6 in free air are plotted against 
the angle of attack. Second, the characteristics corre- 
sponding to a wing of infinite span are plotted against 
the lift coefficient. In this way the value of the data 
to the designer will be increased, because the airfoils 
may be more easily compared and because the charac- 
teristics of a given airfoil may be readily found for any 
desired aspect ratio. Moreover, by adopting a stand- 
ard form of presentation, these results will now be 
conveniently available for future use in comparing 
them with the results from other wind tunnels and 
from the new variable density wind tunnel. 

TESTS 

A description of the tunnel and the method of 
making the tests is given in Reference 1. The airfoil 
models were all 5 by 30 inches and were made of dura- 
lumin, with the exception of the GTH, which was 
made of plaster of Paris. The tests given here were 
made at a pressure of 20 atmospheres and a Reynolds 
Number of 3,500,000, approximately. This value of 
the Reynolds Number represents the scale which would 
be obtained if a wing of 3.6-foot chord had been tested 
at 100 m. p. h. in air of normal density. The test 
conditions of the airfoils as given in References 2 to 11 
were approximately the same except for the method 
of support. In the tests of References 2 and 3, which 
include the N. A. C. A. 97, 98, and 99, and the N. A. 
C. A .— M. series, the airfoils were supported by two 
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round wires extending vertically across the tunnel and 
by a sting projecting to the rear, which was also used 
to vary the angle of attack. The supports used in the 
tests of References 6 to 11, inclusive, were streamline 
struts extending from the balance platform to the lower 
surface and a sting similar to the one used previously. 
In the tests of Reference 5 the Gottingen 387 and the 
U. S. A. 35-B were supported by round wires and the 
U. S. A. 5, U. S. A. 27, U. S. A. 35-A, R. A. F. 15, and 
Clark Y by struts. The M-6 and M-12 curves (figs. 
18, 19, 30, and 31) show the small difference in the 
results from the two methods of support. The Clark 
Y tests (figs. 74 and 75), in which strut supports were 
used, show the difference that may be produced by 
polishing the surface. 

Method of correcting data. — The formulas used in 
correcting the data to infinite aspect ratio and for the 
influence of the tunnel walls are from the works of 
Munk, Glauert, and Prandtl, which are given in the 
N. A. C. A. reports, References 11 and 12. The nota- 
tion and formulas used are as follows: 

C L = absolute lift coefficient. 

D = diameter of wind-tunnel throat. 

b = span of airfoil. 

(S=area of airfoil. 

a = angle of attack in free air. 
ar= angle of attack as measured in the tunnel. 

oii= induced angle of attack. 

a„ = angle of attack at which an airfoil of infinite span 
would give the same lift coefficient as the air- 
foil tested in the tunnel. 

R = actual aspect ratio of airfoil. 

R e = effective aspect ratio of the airfoil; the aspect 
ratio of an airfoil which would give the same 
characteristics in free air as the airfoil tested 
in the tunnel. 

C Mo = moment coefficient about a point one-quarter of 

the chord behind the leading ledge. 
C D = absolute drag coefficient for an airfoil in free air. 
C Do = profile drag coefficient. 

Cdj, = absolute drag coefficient obtained from the tun- 
nel tests. . 
C Df = induced drag coefficient. 

t= a factor correcting the induced angle of attack to 
allow for the change from elliptical span 
loading resulting from the use of an airfoil of 
rectangular plan form. 

a = a factor correcting the induced drag to allow for 
the change from elliptical span loading result- 
ing from the use of an airfoil of rectangular 
plan form. 

a=increase in lift coefficient per degree for an air- 
foil of aspect ratio R. 
dC 

a, = — increase in lift coefficient per degree for 
an airfoil of infinite span. 



The formulas for correcting the data from the closed 
throat tunnel conditions to free air are as follows: 

(Angles of attack are measured in degrees.) 

Since the reduction to infinite aspect ratio was 
made from the uncorrected tunnel data, the effective 
aspect ratio (2?,) of the airfoil was used. 

then 

a„=a r -^-(H-r)X57.3 
RESULTS 

The characteristics of the airfoils are presented by 
means of two independent sets of curves. Tho first 
is the conventional plot of C L , C D , L/D and 0. P. 
against angle of attack, but differs from most previous 
plots in that the results have been corrected for tunnel 
wall effects to aspect ratio 6. Tho second set of 
curves gives the deduced characteristics of an airfoil 
of infinite span. The profile drag coefficient C Dt , 
the angle of attack do, and the moment coefficient 
about the quarter chord point C u> , are plotted against 
the lift coefficient. This type of plot, which has been 
used in England, has three important advantages over 
the more familiar type. First, the characteristics aro 
plotted against the lift coefficient as abscissa because 
the lift coefficient is usually treated as tho independent 
variable. Second, the efficiency and pitching char- 
acteristics of different airfoils may bo compared very 
much more readily by comparing profile drag and 
moment coefficient curves rather than the familiar 
LID and C. P. curves. This is particularly true if 
the moment coefficient about a point one-quarter of 
the chord behind the leading edge is used, because 
its value for a given airfoil is approximately constant 
over the working range. Third, in applying tho 
results of airfoil tests, it is almost always necessary 
to correct them to another aspect ratio, and it is 
more convenient to correct from an infinite than from 
some finite aspect ratio. 

Correction to finite aspect ratio. — For convenience, 
the formulas for use in reducing these data to any 
aspect ratio will be summarized. If engineering 
coefficients are desired, the data should first bo reduced 
to the desired aspect ratio in terms of the absolute 
coefficients by the use of the following formulas. Tho 
slope, and the lift and drag coefficients for a given 
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angle of attack should then be multiplied by 0.002558 
to obtain the corresponding values of the engineering 
coefficients K r and K x . 

The angle of attack in degrees for the lift coefficient 
C L is: 

a 



or 



«=«. + 2f (l + r)X57.3 



The lift curve slope when angle of attack is measured 
in degrees is 

a. 



a=- 



l + ||(l + r) 57.3. 



where a, is the slope for the wing of infinite span. 

Assuming a mean value for a„ of 0.0960 in the second 
term of the denominator, this becomes approximately: 



The value of a. for a wing of given thickness may be 
found from Figure 95. 
The drag coefficient is 

• ' xB 



The values of r and <r depend on the shape of the 
span loading diagram of the airfoil. For an elliptical 
wing without effective twist they are zero and for a 
rectangular wing their values are given in Figure 1. 

The moment coefficient at a given value of the lift 
coefficient may be taken as the same for any aspect 
ratio. The center of pressure, measured in per cent 
of chord from the leading edge, is given by 

O. P. = 25 per cent- ^ nno _f*U > — 100 percent. 
r Ul cos a-r Co Sin a r 

where Gu t is the moment coefficient about a point 
one-quarter of the chord behind the leading edge. 
For most purposes the following approximations of the 
above formula give sufficient accuracy. The center of 
pressure measured as a fraction of the chord from the 
quarter-chord point is 

(l) °\ 

or when measured from the leading edge in per cent of 
chord 

C. P. =-25 per cent— 100 per cent. 



The use of the foregoing formulas may be more 
easily understood from the following example. Sup- 
pose it is desired to find the aerodynamic character- 
istics of a rectangular Clark Y wing of aspect ratio 8. 
For a sample calculation a lift coefficient of 0.9 will be 
assumed. 

The angle of attack for a given value of C L is 
<x=a e + a i 

a=a 0 .+ 18.24^ (1 + r) 

From Figure 1, for an aspect ratio of 8, r = 0.22. Then 
a=a 0 + 2.7S0 C L . 
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FiQuai 1. — Correction factors for rectangular airfoils. Based on a.= 

From Figure 75, when 

(7i=0.9, a, =4.2° 
a=4.2+2.50 
a=6.7°. 

The drag coefficient is 

From Figure I, for an aspect ratio of 8, <r=0, 
Then 

0 D =0 Dt + 0.0427 C L \ 
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From Figure 75, when <7 L = 0.9, C D = 0.0145 
C D = 0.0145 + 0.0346 
C D = 0.0491 

D 0.0491 

The moment coefficient about the quarter chord 
point, from Figure 75, is -0.07 for a lift coefficient 
of 0.9. 



The center of pressure about the leading edge is 
C. P. = 0.25 
C. P. = 0.25 + 0.0778 

G. P. = 32.8 per cent of chord from the leading edge. 

This will be the position of the center of pressure for 
an angle of attack of 6.7°. The calculations for other 
values of C L may be conveniently tabulated in the 
following form. If the engineering coefficients (iv r and 
K x ) are desired, the values of columns 1, 5, G, 7, and 9 
should be multiplied by 0.002558. 



1 


2 


3 


4 


.6 


8 


7 


8 


S 


10 


11 




a. degrees 


;is.24 








Cc+Cdi 


L 


Cx. 


Cji. 

~C~L 


0.28-C.P.^ 


at 


a degrees 


Obi 


Co 


ap. fl) 


Percent 
C. P. IL. *J 


0 


-5.1 


a 


-8.1 


a 0108 


0 


D.D106 


0 


-a 082 






.20 


-8.0 


.0 


-2.4 


.0101 


.0017 


-.0118 


17.0 


-.078 


-.89 


84 


.40 


-1.0 




. +ai 


.0101 


.0058 


.0188 


23.7 


-.074 


-.18 


43 


.60 


+1.1 


Lf 


2.8 


.0111 


.0154 


.0286 


22.8 


-.074 


-.12 


37 


.80 


a. 2 


2.3 


5.4 


.0130 


.0273 


.0403 


19.8 


-.072 


-.09 


34 


LOO 


5.2 


2.8 


8.0 


.0165 


.0427 


.0592 


18.9 


-.080 


-.08 


31 


1.20 


7.8 


M 


ia« 


.0223 


.0615 


.0338 


113 


-.042 


-.04 


28 






110 












110 


'*" 4.0 


.0300 


.0881 


.1181 


12.2 


-.010 


-.007 


28 


1.20 


is. a 


8.3 


18.9 




.0815 






-.054 


-.04 


29 



DISCUSSION 

In the analysis of the data a study was made of the 
effect of profile shape upon the airfoil characteristics. 
Such an analysis is difficult not only because the effects 
of the large number of variables can not be separated, 
but also because there is no uniform variation of shape 
characteristics throughout the entire group of airfoils. 
A program involving the testing of a large family of 
airfoils in the new variable density wind tunnel has 
been formulated with a view to a more complete in- 
vestigation of this subject. In spite of the limitations 
of the data available, it was found profitable to study 
the variation of aerodynamic characteristics with 
camber and thickness. 

Certain characteristics need not be analyzed, either 
because they do not vary with thickness and camber, 
or because their variation may be predicted with 
reasonable accuracy by means of . Munk's theory of 
airfoils. (Reference 12.) Within the working range 
below the burble region all of the airfoils, irrespective 
of their thickness and camber, exhibit an approxi- 
mately constant value of the moment coefficient about 
the quarter chord point and approximately the same 
variation of the profile drag coefficient with the lift 
coefficient. The value of the moment coefficient and 
the angle of zero lift ' depend, as indicated by the 
theory, on the shape of the mean camber line. There 
remains to be analyzed, therefore, the maximum lift 
coefficient, the minimum profile drag coefficient, and 
the slope of the lift curve. 

The effect of profile shape on these aerodynamic 
characteristics was studied by plotting them against 



maximum thickness and maximum mean camber. 
The maximum mean camber is the maximum dis- 
placement of the mean camber line of the airfoil sec- 
tion from the line connecting the leading and trailing 
edges. These plots, Figures 92 to 96, indicate certain 
general trends, but in studying them it should be 
remembered that the thickness and camber vary 
together and that the camber lines of the different 
airfoils are of very different shapes; the M series, for 
instance, are reflexed near the trailing edge to give 
approximately a stationary center of pressure. The 
trends may be summarized as follows: 

1. The minimum profile drag increases as the maxi- 
mum thickness and maximum mean camber are 
increased. 

2. The maximum lift increases with thickness up to a 
thickness of 12 per cent of the chord beyond which it 
decreases. 

3. The slope of the lift curve decreases as the maxi- 
mum thickness is increased. 

4. The ratio of maximum lift to minimum profile 
drag tends to decrease as the maximum thickness is 
increased, the tendency becoming very marked when 
the thickness is increased beyond 12 per cent. 



Langlet Memorial Aeronautical- Laboratory, 
National Advisory Committee for Aero- 
nautics, 

Langlet Field, Va., October 21, 1929. 
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TABLE I.— VALUES FOR ASPECT RATIO 6 



Airfoil 



Page 



Co 
tnfnfninm 



Thickness at— 



0J.5 chord 0-85 chord 



Per cent chord 



ap.at— 



a,. 



1/4 Ci. 



Per cent chord from 
L.E. 



N.A. C.A.9T. 

N. A. C. A. 98 

N. A. C. A. 99 

N. A. C. A.-M__ 
N. A. C. A.-M2... 
N. A. O. A.-MS... 
K. A. 0. A.-M4— 
N. A- O. A--MS— 
N.A.C.A.-M6_ 
N. A. C. A.-M7— 
N. A. C A.-M8— 
N. A. O. A.-M9„ 
N. A. C. A.-M10.. 



N. A. C. A.-MIL.- 
N. A. C. A.-M12-. 
N. A. C. A.-M13.. 
N. A. C. A.-M14- 
N. A- 0. A.-M15-. 



N. A.O.A.-M16.- 
N. A. C. A.-JUT- 
N. A. C. A.-M18- 
N.A-C.A^3119-. 
N. A. C. A--i£20_ 
N. A. C. Ad-M21... 
N. A. C. A.-M22.. 
N. A. C. A.-M23-. 
K.A.C.A.-W24... 
N. A. C. A.-M25-. 
N. A. O. A--M2S- 



N. A. a A.-M27.. 

U.S. A. 5 

tT. S. A. 27 

tl. S.A-35i 

U. 6. A. 35B 



H. A. F. 15_ 

QSttingen 357 

Clark Y 

TI.8.N. P.S.I 

U. S.N. P.S.2 

U.S.N. P. 6.3___ 
U.8.N. P. 8. 4___ 
IT. S.N. P.8.5___ 
U.8.N.P.6.6___ 
N. A. C. A. CYH.. 
E. A. F. 19 



8 

8 

a 
s 

10 
10 

11 
II 

12 
12 
13 
IS 
14 
14 
IS 
18 
16 
16 
17 
17 
IS 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
23 
25 
28 
28 
27 
27 
28 
28 
29 
29 
3Q 



L335 
1.383 
1.060 
.80S 
.903 
LOSO 

TI32" 

1.321 
1. 145 
L1S3 
1.137 
1.004 
L0S0 
1.253 
1. 228 
1.250 
1.263 
1.119 



1.258 
L320 



L230 



L237 
L197 



1.200 
L3S8 
1. 203 
1.374 
1. 209 
L32S 
1.420 
.033 
L215 
L4SS 
1.482 
LS78 
L18I 
1.302 



0.0133 
.0138 
.010S 
.0073 
.0080 
.0034 
.0071 
.0071 

.0101 

.00S4 
.0089 
.0100 
.0064 
.0081 
.0101 
.0117 
.0098 
.0094 
.0081 
.0089 
.0095 
.0201 
.0167 
.0118 

.oiai 

.0180 
.0122 
.0380 
.0299 
.0193 
.0117 
.0115 
.0145 
.0092 
.0050 
.0123 
.0108 
.0032 
.0173 
.0210 
.0221 
.0283 
.0330 
.0111 



18.2 
17.4 
18.4 
23.1 
21. S 
20.3 
24.2 
22.8 
30.8 
22.8 
2L2 
30.3 
23.1 
2LS 
19.4 
10.3 
2L2 
20.0 
2L2 
20.8 
lfi.9 
19.5 
20.1 
19.4 
20.2 
20.3 
18.5 
15.3 
1T.0 
17.0 
22.1 
20.8 
18.6 
20.8 
24.8 
18.2 
21.1 
27.0 
20.1 
17.9 
17. S 
15.7 
13.6 
20.4 
18.6 



13.30 

13.40 

12.08 
5.34 
6.98 

10.28 
5.41 
7.10 

10.29 
5.31 
8.99 

10.27 
5.38 
7.03 

10.21 
5.3a 
7.00 

10.30 
5.32 
6.92 

10.30 
5.27 
7.00 

10. 30 
5.38 
6.88 

10.28 
5.38 
8. S3 

10.2s 

8.05 
10.40 
18 60 
10.58 
6.38 
13.83 
10.51 
3.38 
7.18 
8.95 
10.74 
14.32 
17.90 

iast 

10.5 



8.16 
8.27 
8.13 
4.61 
6.01 
8.81 
4.74 
6.19 
8.96 
4.69 
6.12 
8.86 
4.68 
6.00 
8.88 
4. 70 
6.10 
8.94 
4.66 
6.08 
892 
4.65 
6. 12 
8.94 
4.76 
6.14 
8 86 
4.76 
8.08 
8.94 
4.80 
8.64 
1L84 
7.51 
5.02 
9.84 
8.24 
3.22 
6.44 
8.05 
9.66 
12.88 
18.10 
8.30 
5.0 



33 
22 



26 
26 



26 
25 
24 
28 
25 
26 
30 
28 
28 
30- 
29 
27 



29 

80 



30 



31 
34 



32 
31 
36 
31 
29 
33 
29 
35 
31 
31 
33 
33 
34 
28 
39 



59 
68 
23 
21 
21 
17 



19 
20 
18 
20 
18 
29 
29 
32 
. 35 
37 
31 
28 



34 

3£ 



35 
38 



56 
43 
64 
41 
40 
51 
45 
30 
43 
44 
49 
58 
74 
33 
72 
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Home of section: U.A.C.A.S7 Re£2g9 
Size ofmodel:3O\S'/i.N.3,as0.0D0 
Press., atond.oim.20.a Dote:3jS-24 
Tested at LMAJ.. WmdveUTSJflJsac. ■ 
Results corrected to AJf£in free air. 
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Figusk 1— N. A. C. A. 97 airfoil characteristics corrected to aspect ratio 8 
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ztowe of section: N.A.C.A. 97 

R.N.t 3,850,000 Daie:9-l5-24 

Where tested: L.M.A.L. V.D.T.S6S 
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A. C. A. 67 alrtoll cbaracterlstlra corrected to Infinite aspect 
ratio 
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Name of section: N.A.CLA.38 Ref. Z 
Size of model: SU30' R.N.3,180,000 
Pressure,sfand.afm:80.4 Dafe:9i0-M 
Tested at LMA.L. Y/Mvel:7S3 ft/sec 
Results corrected to AJi.6n free air. 
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Figure N. A. C. A. 98 alrtoll characteristics corrected to aspect ratio S 
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R.N.-.3.780.0Q0' 
Where tested: L.M.A.L. 
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Fiouki 5.— N. A. C. A. 98 airfoil characteristics corrected to Infinite aspect 
ratio 
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FlGcax S.—N. A. C. A. 99 airfoil characteristics corrected to aspect ratio « 
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Name of section: N.A.C.A. 99 _ _ „„ 
KM.: 2,950.000 Date: 9 -6^24 
Where tested: L.M.A.L. V.DT.5G-II 
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FiGCKi 7.— N. A. C. A. 99 airfoil characteristics corrected to Infinite aspect 

ratio 
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Nameof section: HJUCA.-MI ReF.3 
SizcoTmadel: 30'x.S* HN.3J5QOaOO 
Press^rj ■ stand, a/m: 200 Date:KHG3t 
Jeafedat LMJU. Wthdvel:79J>fi/Btc. 
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Name ofsecfion: N.A.CA.-MI , , 
H.N.: 3,600.000 Oafe: I 0-16-24- 
Where tested: L.MA.L. V.D.T.63-2 
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Fiocir 8. — N. A. C. A .-MI airfoil characteristics corrected to aspect ratio 8 



Figubi 9.— N. A. C. A.-11I airfoil characteristics corrected to Infinite aspect 

ratio 
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Figure 10.— N. A. 0. A.-M2 airfoil characteristics corrected to aspect ratio 8 
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Nome of section: N.A.C.A.-M2 
R.N.: 3.B2O.OO0 Date: 10-17-24 
Tested ot:L.M.A.L. V.D.T.64-1 
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Figure 1L— N. A . C. A.-M2 airfoil characteristics corrected to infinite aspect 

ratio 




\ Name of section: N.A.C.A1-M3 Ref.3 
' She of model: 30'xS" R.N.3,S70fiO0 
fress.,in stand.aim:20JS Dote:IO&-!4 
Tested at LM.A.L Wind vet: 78.0 tljiec. 
Results corrected to AJ3.6 in free air. 
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Fioube 12.— N. A. C. A.-M3 airfoO characteristics corrected to aspect ratio G 
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Nome of section: N.A.C.A.-M3 

R. N. : 3. 670. 000 Date: 10-21-24 

Where tested: L.M.A.L. V. D. T. 65-1 
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Floras 13.— N. A. C. A.-M3 airfoil characteristics corrected to infinite aspect 

ratio 
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Fiocbi U.— N. A. C. A.-M4 airfoil eharacteristlca corrected to aspect ratio a 



JO 



.09 



07 



-to 

%** 

I 

G.05" 

| 

$..03 
(.ij.Of 

r 

L, 





































































































































































































































































































































































































































































































































































































\ 


— 




































— 














































— 


















































































1 




































































































































































Name of section: N.A.C.A-M4 














n.ni.. j,oau,\juu uuic.nj a:w 
Tested of L.M.A.L. V.O.T. 66-1 
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EteCTB 15.— N. A. C. A.-M4 airfoil characteristics corrected to Infinite aspect 

ratio 
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Ftocii 16.— N". A O. A.-M6 airfoil characteristics corrected to aspect ratio 8 
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Name of section: N.A.C.A-MS 
R.N.:3,6O0.O00 Date: 10-22-24 
Where tested: LM.A.L V.D.T.67-/ 
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Figcbe 17. — N. A. C. A.-M5 airfoil characteristics corrected to Infinite aspect 

ratio 
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Figube 18.— N. A. C. A.-M6 airfofl characteristics corrected to aspect ratio S 
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Nome of section: N.A.C.A.-M6 

R.N.: 3,400,000 Dole: 4-28-26 

Tested at L.M.A.l. V.D.T. 172-2.68 -1 









24' 



20' 



16' 



5-5 



4'% 

0't3 
*•« 
0 

-4.4T 



14 



-12° 



- -2 0 .2 .4 .6 .8 1.0 1.2 
Lift coefficient (Absolute), 

Figubi 19.— N. A. C. A.-M8 aUrfoD characteristics corrected to Infinite aspect 

ratio 
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.Fioube 20. — N. A. C. A.-M7 airfoil characteristics corrected to aspect ratio 0 
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Where tested: LM.A.L. V.D.T. 69-1 
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Fioube 21— N. A. C. A ,-M7 airfoil characteristics corrected to Infinite aspect 
ratio 
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■ Size of model: S\30" RM.3.4SH000 
Press, r? 3 fond, aim: 200 Dat&IO-St-M 
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Results corrected 'fa AJIS h tree 
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Fiocie 22.— N. A. C. A.-MS airfafl characteristics corrected to aspect ratio a 



.10 



.09 



.08 



«?. 07 




;-2 



■-.3 









































































































A 


■S 








































































s? 












































































































































1 




































lO 

k: 
















































































































































































































































do 






































































• — 




































































. — 




















































































X 
























































































Name ofseeffan: N.A.C.A-M8 
R.N.:3.45O0O0 Oafe:IO-24-24 
Where tested: L.M.A.L. V.D.T. 70~t 
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Figuxx 23.— N. A. C. A.-MS airfoil characteristics corrected to Infinite aspect 

ratio 




Homeofaection:N.AX^A.-M3 ftef. 3 
Sne of model: 30'x.f RJ(.3,620.O0O 
Press, in sfomLaim:20J Datc:IO-ZS-X 
TestedatLM.A.L Wind vet: 77.B ft/sec. 
Results corrected to A.R.Gin fre 



■4' Q 4 8 12 16 
Angle of attack in degrees, of 



20 



JO 
.09 
.08 
<$.07 

| 

Is 
a 

8.05 

I 

^s.04 

;3j 

<C 

I- 

.02 
(.lj.0/ 



3 



I. 















































































































































s- 
















































































































































-< 


























































































































































































































































p 
































* 


































































































































































































y- 




















































































































































Name of section: N.A.C.A-M9 

R.N.; 3,620,000 Dafe:tO-25-24 

Where tested: LM.A.L. V.D.T. 71-1 
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Fiocbi 2t— N. A. 0. A.-M8 airfoil characteristics corrected to aspect ratio S 



Figchx 25.— N. A. C. A.-MS airfoil characteristics corrected to Infinite aspect 
ratio 
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Flovas 26.— N. A. C. A.-M10 airfoil characteristics corrected to aspect ratio 6 
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Name of section: AI.A.CArMIO 
R.N.: 3,030.000 Dafe:IO-27-24 
Where tested: L.M.A.L. V.D.T. 72-1 
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Fiocke 27.-N. A. C. A.-M10 airfoil characteristics corrected to Infinite aspect 
ratio 
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Nome of section: N AC. A -Mil Ref. 3 
Size of model: 30'r.S~ R.f/.3,BSO,000 
Fress^in stand, aim: 20.3 Dole:0-&2t 
Tested of LMA.L. Wndvel.:8I.O flfsec. 
Results corrected to A. US in fret air. 
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Figure 28 — N. A. C. A.-M1I airfoil characteristics corrected to aspect ratio G 
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Name of section: N.A.C.A.-MII 

R.N.: 3,860.000 Dote: 10-29-24 

Where tested: LMA.L. V.D.T. 73-1 
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Fioube 29— N. A. C. A.-Mll airfoil cbaraeterlstici corrected to Infinite aspert 
ratio 
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Home at 'section: H.A£.A.-M>2 ftef.3.4&7 
Size of model: 3ttx S~ ft.AL 3.430.000 
Press , In stand, atm: ZOO Date: 4-S-2G 
Tested at LM.A±- W*xj yet: 7S.0 ft/sec. 
Results corrected to A.R.S in free cir. 



-3 -4 



24 



0 4 8 12 18 20 
Angle of attack in degrees, ct 

Fiecni 30.— A. C. A.-M12 airfoil characteristics corrected to aspect ratio a 
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Name of section: N.A.CA -MI2 
R.N.: 3,430.000 Date:4-3-26 
Where tested zL.MJLL. VJ3.T. 163-2 
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31.— N.A.C.A.-MI2 airfoil characteristics corrected to Infinite 
ratio 
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Frenr 32.— X. A. C. A.-M13 airfoil characteristics corrected to aspect ratio S 
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Atower of section: N.A.CArkf/3 
R.N.: 3,830.000 DatetlHO-24 
Where tested:L.M.A.L. V. D.T. 78-1 
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FiGrBx 33.— N. A. C.A.-M1B airfoil characteristics corrected to Infinite aspect 

ratio 
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Name of section: N.A.CA.-M14 Ref.3 
Sizeof model: 30"xS" R.N.3.BOO.OQ0 
fi-ess., in stand, atm: 20.3 Date:IH4-et 
Tested at LM.A.L. Wind yel: 73.0 fl/sec. 
Results carracted foAJ1.6in free air. 
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Name of section: N.A.C.ArM/4 
R.N.: 3.630,000 A Date:ll-l4-24 
Where tesfed:L.M.A.L. V.D.T.80-/ 











Tigube 34— N. A. C. A.-MH airfoil characteristics corrected to aspect ratio 6 
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Fiqcbi 35.— N. A. 0. A.-MH airfoil characteristics corrected to Infinite aspect 

ratio 



24% 20 
b 

.©20 5 40 
^ P 

sVstaeo 

* 4 

$-12^80 
Sr/00 



v. 
o 

.o 



-4 



V. 








0 

il 


n 

> »» 


0.7S 

a& 

0.M 

m 

O.OC 








































































¥ 


































10 l 




10 * 

'er 


0 SO SO 70 t 
^nt ofchord 


0 i 


OS* 




























O.H 

m 


























3_ 
/_ 


>5 

19 




1.94 








































































































C 


























































1 


































%/D 


































































































































































































































































































i 




Nome of section: NJtC.A.-IHIS Ref. 3 
She of model: 30'xS' R.N.3.S8Q.OOO 
Press^in stond.atm:ISSS Dote:l r t5-24 
Tested at LMJLL Windveh. 77£ff/sec. - 
Results corrected 'toA.R.6 in free air. 
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Figure 36.— N. A. O.'A.-MlB.'alrfoil characteristics corrected to aspect ratio 6 
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Name of section: N.A.C.A.-MlS 
R.N.: 3,580.000 Date:/HS-24 
Where tested: L.M.A.L. V.D.T.3H 
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Fiocbe 37.— N. A. C. A.-MI5 airfoil characteristics corrected to infinite aspect 

ratio 
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zofsecfi6n:N.AJZA.-Hl6 Ref.3 
ofmodel: 30'xS- R.H.3jm.00Q 
•s_*n stand, ahn: 2Q.0S. Date.n-)SZ4 
xtaf LUJLL. Wind vel: 77.7 ft/xc. 
/ts corrected foAJf.Gjh fhsBair: 
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Figubi 38.— N". A. C. A.-Mie airfoil characteristics corrected to aspect ratio 6 
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Name of section: /V.A.C.A.-MIG 
RM.: 3,640.000 Date: 11-16-24 
Where tested: L.M.A.L. V.D.T.82-1 
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Ficuki 39.- 



-N. A. C. A.-M1B airfoil characteristics corrected to Infinite aspect 
ratio 
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Name of section: t(.A£.A.-Ml7 Ref.3 
Size of modeh 30'xf RM.3fiOQ.000 
Presajn stand.atm:IS33 Daie:IHS-at 
Tested at LM.A.L. WtridveL:77J&/5ec. 
Results corrected kt AJlJSh free otr. 
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Figcbi 40— N. A. C. A .-Ml" airfoil characteristics corrected to aspect ratio 5 
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Name.ofsecfion: N.A.C.A.-MI7 
R.N.:3,6OO.000 Date:lt--I8-24 
Where tested: L.M.A.L. V.D.T. 83 
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FiGntK 1L— N. A. C. A -HIT airfoil characteristics corrected to Infinite aspect 

ratio 
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Fiqbbi 43.— N. A. C. A.-M1S aixfofl characteristics corrected to aspect ratio 6 
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ime of section: N.A.CA.-MI8 tl ,„ „. 
N.: 3.530,000 , Date: 11-16-24 
here tested: L.M.A.L. V. D.T. 84-1 


? 








W 



z'2* 



tV/J 1 coefficient (Absolute), Cj, 



Fiovbz 43. — N. A. C. A.-M IS alrfotl characteristics corrected to Infinite aspect 

ratio 
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Nome of section: N.A.C.A.-M13 Ftef.3 

■ Size of model: 30' x S" HN.3.S30.000 
Press.m stond.atm:ZO.Z Date:tH9-34 

■ Tested of LM.A.L. Wind vet.: 77.2 ftfsec 
Results corrected to A.R.B in free air: 
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■N. A. C. A.-M1S airfoil characteristics corrected to aspect ratio 6 
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Name of section: N.A.C.A.-M/9 it # _ 
R.N.: 3,530,000 Date:IH9-24 
Where tested: L.M.A.L. V.D.T.8S 
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Fioube 45.— N. A. C. A.-M19 airfoil characteristics corrected to Infinite aspect 

ratio 
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Fiarsz 49.— N. A. C. A.-iI3J airfoil characteristics corrected to aspect ratio S 



Name of section: IV.A.C.A.-M20 
R. At.: 3,350.000 Dafe: It- 13-24 

Where fesfed: LMJ^.L. V.D.T.86 
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Florxa 47.— N. A. C. A. -Mao airfoil characteristics corrected to Infinite aspect 

ratio 
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Figusi 48.— N. A. C. A.-M21 airfoil characteristics corrected to aspect ratio S 
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Name of section: N.A.C.A.-M2f 
R.N.: 3,530.000 0ate:ff-20-3f 
Where tested: LM.A.L. V.D.T.87 
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Fiocke 49.— N. A. C. A.-M2I alribfl characteristics corrected to Infinite aspect 

ratio 



438 



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 




4 8 12 IB 
Angle of attack fn degrees, a 

Figure SO.— N. A. C. A,rM22 airfoil characteristics corrected to aspect ratio 6 
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Name of section: N.A.C.ArM22 
R.N.:3.5lO,OOQ i 0ate:ll-2l-24 
Where tested: L.M.A.L. V.D.T.88 
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FtocitgSL— N. A. C.A.-M22 airfoil characteristics oonected to Infinite aspect 

ratio 
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Fiqobe J2. — N. A. C. A.-M2S airfoil characteristics oorrected to aspect ratio 6 



Wffqfsecffon: N.A.C.ArM23 
RM: 3,370,000 Date: 11-21-24 

Where tested: L.M.A.L. V.D.T.83 
O .2 .4 .6 .8 1.0 1.2 
Lift coefficient (Absolute), Cx, 

Fiotjee 53.— N. A. C. A.-M23 airfoil characteristics corrected to infinite aspect 

ratio 
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Prcss^il stand. atm:BCtO Date:lh&-24 
Tested at UXA.L. Wild vet: 77£ R/sec. 
Results corrected (o A.R.S h free or. 
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Floras 54.— N. A. C. A.-M24 airfoil characteristics corrected to aspect ratio S 
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Figubi R.— HT. A. C. A.-lI2t airfoil etuuactttisHcs corrected to Infinite aspect 

ratio 
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FiGuax 58. — N. A. C. A.-M2G airfoil characteristics corrected to aspect ratio S 
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Name of section: N.A.C.A.-M2S 

R.N.: 3,640.000 Date: 11-24-24 

Where tested: LM.A.L. V.D.T.3U 
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Fiaxmx 67.— K. A. C. A .-1125 alrioE characteristics corrected to infinite aspect 

ratio 
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Fioubz fiS.— N. A. C. A.-M2J alrloll characteristics o<HTOCtedIto>speeft»tlo35 
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Figure 59.—; 



Nome of section: N.A.C.A.-M26 
R.N.: 3,SI0,000 , Dafe:tl-2S-24 
Where tested: L.M.A.L. V. D.T. 92. 
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■N. A. C. A.-M26 airfoil characteristic! corrected to Infinite aspect 
ratio 
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Name af section: H.AJC.A.^MS Ref.3 
Sizeof model: 30"*. S" R.N.3,e3Q,QO0 
Press^in sfond.afm:2IX2 Date:l2-2-& 
Tested at L.M.AJ.. W/nd vet: 76.Sfl/sec. 
Results corrected to AJI£ h free air. 
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Figure 00— N. A. C. A.-M27 airfoil characteristics corrected to aspect ratio 9 
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Name of section: N.A.C.A.-M27 

R.N.: 3,630.000 Dote: 12-2-24 

Where tested: L.M.A.L. V.D.T. 93-2 
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Fiouhe 61.— N. A. O. A.-M27alrtoll characteristics corrected to Infinite aspect 
ratio 
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Hcmeafsacfian:U.S.A.S Ref.4lS 
■ Siz* af model: 3a'xS' R.N.3£3O,a0O 
Press, in sfand.atm:30.G7 Date:hl3-& 
TestedatLM.A.L- Wind vet: 7S.7 ILfisec 
Resulfs corrected laAJtJSin free or. 
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.Figcbi 82.— XT. 8. A. a airfoil characteristics corrected to aspect ratfo 6 
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Fiqum'83.— TT. 8. A. 8 airfoil characteristics corrected to Infinite aspect ratfo 
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Fiarai 64.— tT. S. A. 27 alrfoQ characteristics corrected to aspect ratio G 
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Name of section: U.SA. 27 

R.N.: 3,570,000 Date: 1-30-25 

Where tested: L.M.A.L. VJ3.T.104-5 
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Figubi 85.— TJ. 8. A. 27 alrfofl characteristics corrected to Infinite aspect ratio 
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Fiouke 66.— U. S. A. 35A alrfofl characteristics corrected to aspect ratio 6 
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Promts 67.— TT. 8. A. 3S A airfoil characteristics correoted to Infinite aspect ratio 




Name of section: USJ1.3SB kef.4iS 
Size ofmddel: 30'x5" R.N.3,470,000 
Press^ instond.atm:t9£2 DafefrS-et 
Tested of LM.A.I. Wind vei: 7S.7 ft/sec. 
ResuHs corrected loA.R.6 in free air. 
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Fiqubx 68.— U. S. A. 3SB airfoil characteristics corrected to aspect ratio 6 
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Name of section: U.S.A. 35 B 

R.N.: 3,470,000 0ate:l2-3-24 

Where tested: L.M.A.L. V. D.T. 36-3 
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Fiqubx 69.— U. G. A. SSB airfoil characteristics corrected to infinite aspect ratio 
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Figubi 70.— R. A. P. IS airfoil characteristics corrected to aspect ratio 8 
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Fiqusx 71.— E. A. T. IS airfoil characteristics corrected to infinite aspect ratio 
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FrorsE 72.— aatUngen 3E7 airfoil characteristics corrected to aspect ratio fi 
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Name of section: GSffingen 387 
R.N.: 3,470,000 *0ate:l2-6-24 
Where tested: l.M.A.L. V.D.T.95-4 
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Figuhe73. — Qattingen 3S7 airfoil characteristics corrected to Infinite aspect ratio 
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Fiodki 74.— Clark Y airfoil characteristics corrected to aspect ratio a 



Lift coefficient (Absolute) , C L 
Floras 76.— Clark Y airfoil characteristics corrected to Infinite aspect ratio 
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Figure 76.— U. 8. N. P JB. 1 airfoil characteristics corrected to aspect ratio 0 



JO 



.09 



.08 
^.07 

I 

•Si .Of? 

$ 

8.05 

f 

.02 



(.0.01 



g> 0 

r 



-.3 













































































































































A 


































































f 












































































































































































































c 


Do 










































































\ 
















































1 


























































































I 




t 


\ 
































y 














































— f> 








































K 




















J 






























































































































Name o1 

O LI . O 


'secti 


'on: U.S.N.P.S 


.1 












Where tesfedtL.M.A.L. V.D.T.146-4 



A -.2 O .2 .4 .6 .8 1.0 1.2 
Lift coefficieM(Absoluie),Cx. 



•12" 



Floras 77.— U. 8. N. P. 8. 1 airfoil characteristics corrected to Infinite aspect 
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Name of section: USJt.F.S^ ' Kef. 8 
Size of model: 30'xS~ R.N.3JS70,000 
frcss., irr stand, afm. 20.3 Oafe:Z-ISZ£ 
Tested at LM/U-. Wind vet: 7S.3 a/sec 
Results corrected to AJt.Sin freeair. 
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Ficubi 78.— U. 8. N. P. S. 2 airfoil characteristics corrected to aspect ratio 6 
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Figciz 79.— U.S. N. F. S. 3 airfoil characteristics corrected to Infinite aspect 
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Figukx SO.— U. 8. N. P. S. 8 airfoil characteristics corrected to aspect ratio 8 
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Figcse 81. — U. S. N. P. S. 2 airfoil characteristics corrected to infinite aspect 
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Name of section: U.SM.P.S.4 . M.8 
Size of model: 30'x5 M R.N.3£0QOO0 
Press., ii stand, aim: 20.3 Da/e:2-f7Z8 
Tested of UiJU. Wind vet; 76.0 K/sec. 
Results corrected to AR.6 In freenir. 
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Name of section: U.S.N.P.S.4 

R.N. : 3,600000 Date:2-l7-26 

Where tested: L.M.A.L. V.D.TJ53 -2(A) 
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Figure 82.— U. S. N. F. S. 4 afrfot! characteristics corrected to aspect ratio 6 
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Fioube 83— U. 8. N. P. 8. 4 airfoil characteristics corrected to Infinite aspect 

ratio 
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Fiqcbi 84.— U. 8. N. P, 8. 5 airfoil characteristics corrected to aspect ratio G 
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Name of section: U.S.N. P.S.S 
R.N.:3,eso.00O Datey.2-18-26 
Where tested: L.M.A.L. V.D1 IS4-2 (A) 
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From* Sfl.— U. S. N. P.B.O airfoil characteristics corrected to aspect ratio S Hcru 87— TT. 8. K. 



P. 8. 0 airfoil characteristics corrected to Infinite aspect 
ratio 
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Homeaf section: NAJZA.CYH Ne£B 
Srzepfmoaef: 30'x.S' R.N.&S70.0O0 
rress,ih.afand.afm:ZtX3 Date:G-l-2B 
Tested at LMJ..L. Windvel:7&2fifsec 
Results corrected to AJt. 6 in free air. 
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Figuu 88.— N. A. C. A. CYH airfoil characteristics corrected to aspect ratio S 
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Nameafsectton: MA.C A.-CYH 

KM.: 3,570,000 Date: 6- 1- 26 

Where tested: LM.A.L. V.DT.I80-KA) 
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FIGCSKS9— N. A. C A. CYH afrfofl characteristics corrected to infinite aspect 
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Figure 90.— B. A. F. 19 airfoil characteristics corrected to aspect ratio 6 
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